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Hepatic egg granulomas of mice infected with Schis-
tosoma mansoni were transplanted into the skin of the 
same animal and changes occurring to macropbages, 
eosinophils, and mast cells over time were studied by 
light and electron microscopy and by autoradiographic 
techniques. Disappearance of cellular components about 
the egg granulomas occurred within 1 week; the entire 
implant became encapsulated by inflammatory cells and 
stroma. By 3 weeks mononuclear cells and macrophages 
reorganized the granulomas around the eggs and neu-
trophils disappeared. Activated macrophages contained 
both secretory rough endoplasmic reticulum and lyso-
somal-dense bodies. Granuloma size increased up to 5 
weeks after implantation and mast cells and eosinophils 
tended to migrate into tbe granulomas. The mast cell 
index always remained lower than in the original hepatic 
granulomas, while eosinophils were seen in large num-
bers. During 3 to 8 weeks after implantation mononu-
clear cells undergoing DNA synthesis in the granulomas 
ranged from 2.9-4.8%. Some 3-week-old autotransplants 
were injected with 3H-thymidine and biopsied from 1 to 
21 days later. Labeled mononuclear cells peaked in the 
granulomas by 10 days (24%) and the numbers fell off 
sharply after that. 
These findings indicate that autologously implanted 
schistosome egg granulomas can be maintained success-
fully in the skin for prolonged periods with marked 
ingress of macrophages and eosinophils. The autoradi-
ographic data suggest the lesions are high turnover 
granulomas. 
Immunologically induced granulomatous int1ammation is a 
serious clinical problem in dermatology but basic studies to 
elucidate the pathomechanisms have been limited due. to the 
lack of suitable animals models. Hepatic granulomas produced 
in experimental murine schistosomiasis have been considered 
to be one of the best models and are used to tudy the cellular 
characteristics of granulomatous inflammation [1-4], immuno-
logic modulation [5,6] and for therapeu tic trials [7-9]. However 
this model has obvious shortcomings because the continuous 
de position of eggs in the hepatic pal'anchyma results in granu-
lomas in asynchronous stages of development. 
As an alternative we have attempted to develop a cutaneous 
model of schistosome egg granulomas in mice based on a 
pulmonary model in which isolated eggs are injected intrave-
nously into infected mi ce [10]. In a preliminary study previously 
infected mice were injected in each footpad with approximately 
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500 isolated Schistosoma mansoni eggs, and biopsies were 
obtained 1 to 7 weeks later. The results (unpublished) revealed 
granulomas in only 3 of 40 infected a nimals and in most in-
stances the eggs had migrated away from the injection site and 
granulomas did not develop. Since we suspected the necessity 
of supporting tissue e lements, we next tried subcutaneous a uto-
transplantation of isolated h epatic granulomas [11]. This paper 
describes the behavior of 3 principal cell types in the schisto-
some egg granuloma, namely, macrophages, eosinophils, and 
mast cells, over time after tran plantation. In addition, we 
examined cell renewal of mononucleru' cells as determined by 
means of tritiated thymidine (TdR-H~) labeling. 
MATERIALS AND METHODS 
The animals used for infection were male and female BALB/c strain 
mice weighing 20 to 25 gm. The backs of the mice were injected 
subcutaneously with 30 to 50 cercariae of the Puerto Rican strain of 
Schislosom.a mansoni freshly hatched from snail (Biomphalaria gla· 
brala). 
Autograft technique 
At 7 to 8 week after infect.ion the abdominal wall of the mouse was 
incised vertically, about 1.5 cm using scissors, to expose the peritoneal 
membrane. A small incision was made on the membrane in order to 
reach the right lobe of the liver. Surgical silk, type B 30" (Sherwood 
Medical Industries, Inc. , St. Louis, Mo.) was used to tie a portion of the 
lobe which was then cut off. While the granuloma fraction was being 
isolated from each liver as described below, the peritoneal membrane 
and abdominal skin were sutured. A small incision was then made in 
the skin of the suprascapular region with scissors. AboUL 30 of the 
isolaterl granulomas were aspirated by a Pasteur pipette and inoculated 
into the subcutaneous ti sue of ench mouse. The wound was then closed 
with clips. A tolal of 74 mice wcre treated in lhis way. 
Isolalion of Egg Granulomas 
We used a modification of the technique of Moore, Grove, and 
Wllrren [121- The excised right. lobe of t.he liver (about 0.5 x 0.5 x 0.25 
cm) was wa. hed in cold Hanks' balanced salt solution (B S) and gently 
homogenized in about 40 ml of Hanks' B S supplemented with 100 
units/ml of penicillin and 100 /-tg/ ml of strept.omycin with a Waring 
blender al a low speed for 60 sec. The granulomas retained cell viability 
and organization while liver cells were ruptured. The homogenate was 
put into a glass beaker to allow the granulomas to settle to the bottom. 
The noating liver tissues were decanted. The granuloma fraction was 
washed several times in the beaker by adding Hanks' B and removing 
the noal ing liver debris. Granuloma fractions from 3 mice were exam-
ined histologically to verify the reliability of the isolation procedures. 
Morphologl:cal Exallll:nation 
Mice were sacrificed up to 7 days and weekly for 8 weeks after 
implantation. The skin lesions were removed, fixed in buffered 10% 
formalin and embedded in paraffin. Sections cut at 4 /-t wcre stained 
with hematoxylin and eosin in order to count the number of eggs with 
or without a granulomatous cellular respon e. The longest axis of each 
granul omatous lesion wail measured with an oculw' micrometer. The 
sections were also stained with toluidine blue and a mast cell index was 
determined by counting the number of stained cells in 20 developed 
egg granuloma [4]. Skin samples also were fixed in 3% glutaraldehyde 
in Sorenson's buffer and postfixed in 2% osmium tetroxide. They were 
embedded in a plastic mixture and cut at 1 p.m and 60 nm. The thin 
ections were st.ained with uranyl acetate and lead citrate and examined 
with a Siemens E lmi Imp lA specifically for the cell types su rrounding 
the implanted eggs. 
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Autoradiographic Technique 
About 5 !-ICi of TdR-H" (Sp Act 52 Ci/mM) in 0.1 ml saline was 
inj ected in to skin sites of 2-4 mice at weekly intervals for up to 8 weeks 
after the gra nuloma implantation. These mice were sacrificed 40 min 
after injection. Skin sites of 26 mice were injected with 5 /lCi of TdR-
H" in 0.1 ml saline 3 weeks after the granuloma implantation a nd the 
mice sacrificed at 1, 4, 5, 7, 10, 12, 14, and 21 days after injection. The 
tissues obtained from the skin sites were fixed in 10% buffered forma lin. 
After dehydration the samples were embedded in paraffin and sectioned 
at 4 !-1m. The dipping technique of Messier and LeBlond [13] was 
employed for auto radiography. The sections were coated with Kodak 
nuclear track emulsion, type NTB-2. After 6 weeks of exposure the 
films were developed with Amidor developer fo llowed by Edwal Quick 
fixer and the sections stained with hematoxylin a nd eosin. For the pulse 
labeling study over 2,000 mononuclear cells wi thin the granulomas were 
counted for each t ime period and the labeling percent calculated. The 
frequency of labeling among neutrophils and eosinophils was not de-
termined. For the timed biopsies after TdR-H" injection, approximately 
1,000 mononuclear cells in the granu lomas were coun ted at each time 
period and the labeled cells were divided into 2 groups: one conta ined 
more than 10 grains and the other showed 4 to 10 grains. The heavily 
labeled cells Were considered to have divided no more than 1-2 times 
while the lightly labeled cells must have divided between 2-4 times. 
RESULTS 
Figure la shows isolated egg granulomas free from hepatic 
tissue. The majority of individual granulomas were oval or 
oblong in shape and contained 1 or 2 eggs. The longest diameter 
of the granulomas was about 0.2 to 0.5 mm and mast cells 
within t he isolated lesions generally were not degranulated by 
the procedure (Fig Ib). After transplantation, the implanted 
granulomas appeared as a group in the upper subcutaneous fat 
above the superficial musculature in most instances (Fig 2a). 
FIG 1. Isolated -viable egg granulomas which are free from liver ce lls 
(la) and contain mast cells (j) with metachromatic granules (lb). Note 
that most of the granules are tightly clustered indicating the method of 
isolation produced very little traumatic degranulation or spread of the 
granules into the t issue (la, H&E, x 140; 1b, toluidine blu e, x 675) . 
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F IG 2. One-week-old transplants. Granu lomas which lost their cel-
lular components a nd appew'ed hyalinized were found in subcutaneous 
fat above the muscle. An in tense inflammatory reaction is seen around 
the transplants (2a). Some granulomas showed necrotic changes, but 
the eggs appew'ed intact (26) . Mast cells (j) appeared prima rily in the 
capsule (2c). Cell prolifera tion, as evidenced by "H -thymidine, was a lso 
seen ma inly in the capsule as shown in the insert, but some cells (j) in 
the granu loma a lso were labeled (2cl ). (20. a nd 26, H&E x 270 and X 
G75; 2c. toluidine blue, X G75; 2d. autoradiograph, H&E. X 340, il1.8er' 
X 700). 
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During the first week many of the granulomas lost a majority 
of their cellular components although the eggs generally seemed 
intact. Many granulomas were pale-staining, hyalinized or dis-
rupted with necrotic areas (Fig 2b), while in others, the cells 
seemed to be dispersed and away from the egg. Only about 20% 
of the egg granulomas remained organized and in tact with 
viable cells as seen by light microscopy (Table I). The entire 
transplant was surrounded by granulation tissue rich in small, 
dilated, and congested blood vessels, mononuclear cells, poly-
morphonucleal' cells, eosinophils and fibroblasts. Some granu-
lomas were invaded by these cells. Toluidine blue staining 
demonstrated t he appearance of mast cells primarily aTound, 
not in, the granulomas and in subcutaneous fat (Fig 2c). Auto-
r adiographs, 40 min after local injection of TdR-H:J, showed 
moderate numbers of labeled moponuclear cells tlu-oughout the 
implant but especially in the capsule surrounding the entire 
transplant and not concentrated within individual granulomas 
(Fig 2d ). 
By 2 weeks after implantation the response of the po lymor-
phonucleaJ' cells had abated and the capsule became less dis-
tinct. About 30% of the eggs seemed to support granulomatous 
inflammation with a small amount of organization but others 
showed hyalinization and fibrosis (Table n. Some eosinophils, 
polymorphonuclear cells and a few giant cells infiltrated the 
newly organizing granulomas while mast cells remained ubiq-
uitous but mainly outside the granulomas. At this time, auto-
radiography showed that mononuclear cells in some granulomas 
also were labeled (Fig 3). 
By 3 weeks a fter transplantation the polymorphonuclear cells 
disappeared and much of the original implant and surrounding 
fat had been replaced by a loose matrix of fine fibrils, mono-
cytes, eosinophils, mast cells and small blood vessels, and the 
percent of eggs sW"l"Ounded by an organized granulomatous 
infiltrate increased (Table I) . Cells in the granulomas were 
primarily mononuclear cells, macrophages and eosinophils. At 
times, the eosinophil infiltrate was as massive as that seen in 
hepatic granulomas and resulted in eosinophilic microabcesses 
in the implant. 
The granuloma size appeared to increase up to 5 weeks after 
implantation and recede somewhat after that (Fig 4). Migration 
TABLE 1. Percent of egg granulomas with and without viable cells 
va.rious weehs alter transpla.n.tation into subcutan.eous tissue 
Weeks afte r 
transplant 
1 (2)" 
2 (3) 
3 (4) 
4 (5) 
5 (4) 
6 (3) 
8 (2) 
" Number of mice. 
Granulomas with viab le 
cells/Total 
eggs counted 
6/ 30 
6/20 
39/56 
22/ 29 
26/ 39 
16/ 27 
7/9 
Per 'ent 
20 
30 
70 
76 
67 
59 
78 
FI G 3. Repopu lation of ce ll ' in the granulomas. Mononuclear cells 
(t) about the egg show incorporation ofaH-thymidine into the nuclei in 
t he 2-week-old transplant (Autoradiography, H&E, x 675) . 
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FIG 4. Granuloma diameter ( • individual points, 0-0 mean) and 
mast cell index ( 0- -- - - --0 ) in the granulomas at val'ious weeks after 
transplantation. 
FIG 5. Reorganized granulomas seen in 5-week-old transplants. 
Mast cells (j) ru'e seen in the granulomas and other cells organize into 
the classic pattern of granulomatous inflammation (toluidine blue, x 
875). 
of identifiable mast cells from the matrix into granulomas also 
reached a peak at 5 weeks after implantation but did not attain 
the level seen in the originally isolated granulomas or in intact 
hepatic granulomas (Figs 4, 5). However, the main cell type in 
the granulomas was always a mononuclear cell which appeared 
to be either a mixed function or secretory macrophage by 
electron microscopy (Fig 6a, 6b) . Even at 8 weeks after the 
implant the matrix of these granulomas remained loose and did 
not appear to be fibrotic or overtly healing. Nevertheless, large 
amounts of pigment appeared in the tissue, free and in phago-
cytes; eosinophiJs occurred in variable numbers. Autoradiog-
raphy, 40 min after TdR-H3 injection, showed labeled mono-
nuclear ceJls in the granulomas between the 3rd and 8th week 
after transplantation. The number of labeled mononuclear cells 
in the granulomas did not fluctuate appreciably with indices of 
2.9 to 4.8% (Table II). When the 3-week-old autotransplants, 
injected with TdR-H3, were biopsied 1 to 21 days later a peak 
number of labeled cells had occurred in the granulomas by 10 
days and the number of labeled cells fell off sharply after that 
(Fig 7). The increase ill t he number oflabeled cells was associ-
ated with the grain dilution of individual cells suggesting re-
peated cell division. At the peak labeling most of the cells had 
divided 2 to 4 times. T he rapid disappearance of labeled cells 
and the reduction of grains in individual cells reflected a high 
turnover rate either by mitosis and/ or emigration. 
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FIG 6. Electrpn micrographs of 2 types of macrophages in reorga-
nized granulomas. A mixed function macrophage which contains dense 
bodies (d) intermingled with rough endoplasmic reticulum (6a). A 
secretory macrophage showed well-developed rough endoplasmic retic-
ulum with no dense bodies or Iysosomes (6b) (6a, X 9,100; 6b, x 8,800). 
TABLE II. Percent of mononuclear cellI; labeled 40 min after 
,:njectioll of TdR -H " 
Weeks after 
transplant 
3 (2)" 
4 (3) 
5 (2) 
6 (2) 
8 (2) 
" Number of mice. 
Mononuclear cells 
Labeled / Tola l 
counted 
108/3020 
110/2716 
89/2287 
114/2373 
58/2006 
DISCUSSION 
Percenl 
3.6 
4.1 
3.9 
4.8 
2.9 
The procedure of autotransplantation required careful and 
speedy handling of the granulomatous livers, and other surgical 
techniq ues, but it generally resulted in good survival of the 
mice for several months. We experienced about 10% mortality 
in the operated on schistosome infected mice which is slightly 
more than t hat observed in infected BALB/c mice in our 
facility . Acute inflammation subsided within 1 to 2 weeks. By 
3 weeks newly organized egg granulomas were in evidence 
throughout the implant. As reported in hepatic schistosome 
granulomas, the primary cell in the lesions was an activated 
macrophage showing mixed phagocytic and secretory functions 
as seen by electron microscopy. In addition, eosinophils ap-
peared in very large numbers, sometimes forming microab-
scesses. A significant difference was the relative paucity of mast 
cells. In the liver mast celis, intermingling with other cells in 
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FIG 7. Percent of labeled mononuclear cells in the granulomas of 
autotransplants at various days after local injection of "H-thymidine. 
~ cells with more than 10 grains; 0 cells with 4-10 grains. 
the egg granulomas averaged up to 3 per lesion, while in the 
skin sites fewer mast cells entered the granulomas despite a 
relative concentration of mast cells in the sunounding stroma. 
Fibroblasts were not seen in active granulomas even in 7- to 8-
week-old transplants as occurs in older hepatic lesions (1-4) but 
were observed in the stroma and in hyalinized areas. Only a 
rare plasmacytoid cell was found to occur in the granulomatous 
infiltrate. 
Inoculation of cercariae into skin almost never results in 
granulomas clinically because when the cercariae penetrate the 
horny layer they become schistosomules and migrate to visceral 
organs to mature and lay eggs which will produce granulomas 
if they return to the skin [14-16]. Injection of isolated eggs into 
the skin also proved to be an unreliable technique to cause 
granuloma formation. Subcutaneous tissue did not seem to 
retain the eggs at the injection sites. Autotransplantation of 
hepatic granulomas appeared to be a superior model to the 
pulmonary granulomas produced by intravenous injection of 
isolated schistosome eggs [10] or bentonite particles coated 
with soluble egg antigen [17,18]. Autotransplanted granulomas 
tended to persist for at least 2 mos without overt fibrosis, while 
the pulmonary granulomas peaked in size in 2 weeks and had 
already receded after 4 weeks despite persistence of the stimuli. 
Nevertheless, this pulmonary model has allowed dissection of 
immunological factors and proved conclusively that the lung 
lesions are almost exclusively a cell mediated event [19-22]. 
Autotransplantation of tissues and organs are variously suc-
cessful depending upon the donor tissue and the host inflam-
matory response [23,24]' Autografts of secretory endocrine or-
gans [24-26], bone [27], blood vessels [28], peripheral nerve 
[29]. and hair [30] have been extensively investigated and 
autografts and recombinations of epidermis and dermis have 
been used to examine normal structures [31-33] and to a lesser 
extent skin diseases, including psoriasis [30,34- 38]. Our previolls 
experience with tissue transplantation of irritant and delayed 
hypersensitivity inflammatory reactions suggested that an in-
tact vasculature was required for the inflammatory response to 
continue [39]. In the present study many of the transplanted 
granulomas became resorbed during the first 2 weeks leaving a 
loose matrix of fat and fine collagen fibers, but small blood 
vessels and wandering cells remained in the lesions and large 
numbers of dividing mononuclear cells accumulated around the 
transplants. Spector and Lykke have reported that macro-
phages in experimental granulomas are replenished from the 
bone marrow via the circulation [40]. OU)' observations with 
TdR-H'l labeling seem to confu-m the necessity of mononuclear 
cell repopulation for successful maintenance of egg granulomas 
in skin . It was not possible to distinguish the source of cells 
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(i.e., bone marrow or repeated local division) by use of auto-
rad iography because of simultaneous labeling of all cells in t he 
mice. 
Reorganization of granulomas is complete after 3 weeks. By 
this time the contents of the eggs are disrupted and not replen-
ished; granuloma formation becomes synchronized. The modest 
TdR-H:J labeling indices, the relatively short doubling time, a nd 
the sharp decline in labeled cells after pulse labeling indicate 
that the cells in the transplanted granulomas are continuously 
being renewed. Accord ing to the classification of Spector and 
colleagues [41-43], these egg granulomas represent the h igh 
turnover type; this was true of the dermal BCG granu lomas 
studied by Dannenberg, Ando, and Shima [44]. In fact, it seems 
likely that any granuloma which contains a significant number 
of activated, mixed function macrophages will have a high 
turnover rate. Healing by fibrosis was not observed in this study 
but usually is not seen until at least 4 months after experimenta l 
infect ion. We have previously demonstrated that hepatic egg 
granulomas are associated with t he induction of enzymes such 
as angiotensin conver ting enzyme [45] and lysosomal enzymes 
and enzyme inhibitors such as antiurokinase and antiplasmin 
[46,47]. The synclu·onized egg granulomas in skin should allow 
us to correlate the pathologic changes with the function of a 
specia l su bset of mononuclear cells which are involved in gran-
ulomatous intlammation. 
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